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[57) ABSTRACT

A fluid-filled resilient support structure including a first
annular resilient member disposed radially outwardly of
an inner sleeve, a pair of annular closure members clos-
Ing opposite ends of an annular space between the inner
sleeve and the first resilient member, a cylindrical mem-
ber fitted on an intermediate portion of the inner sleeve,
an orifice member spaced radially outwardly from the
cylindrical member, a second annular resilient member
between the orifice member and the cylindrical mem-
ber, and an outer sleeve fitted on the outer surface of the
orifice member. The orifice member has a radially outer
portion sandwiched between upper and lower portions
of the first resilient member in the axial direction. The
orifice and cylindrical members and the second resilient
member axially divide the annular space into two fluid
chambers which are closed at the opposite axial ends of
the first resilient member by the closure members. The
orifice member has a circumferential groove formed in
its outer surface. The length of the groove is not less
than one full outer circumference of the orifice member.
The outer sleeve closes the groove and thereby defines
a circumferential orifice through which the two fluid
chambers communicate with each.

6 Claims, 3 Drawing Sheets
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FLUID-FILLED RESILIENT SUPPORT
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to a resilient
support structure which is employed in a vibration
system as In an automotive vehicle, for damping and
isolating vibrations. More particularly, the invention is
concerned with a fluid-filled resilient support structure
which is adapted primarily for damping and isolating
vibrations in the axial direction of the structure, and
which uses a resilient member for isolating the vibra-
tions through its elastic deformation, and an incompres-
sible fluid for damping the vibrations due to a resistance
to a flow of the fluid through an orifice formed in the
structure. |

2. Discussion of the Prior Art

As resilient support structures used in vibration sys-
tems as in a motor vehicle, for damping and isolating
vibrations, there are known strut mounts and member
mounts installed in a suspension system of the vehicle.
Such conventional resilient support structures employ a
cylindrical resilient or elastic member, alone or in com-
bination with another member formed of a synthetic
resin or canvas, for damping and isolating vibrations by
means of elastic deformation of the resilient member. In
this type of resilient support structure which relies on
elastic deformation of a resilient member for damping
and 1solating vibrations, increasing the dynamic spring
rate or constant of the resilient member for improved
vibration isolating effect for reduced high-frequency
vibrations and noises will unfavorably result in an in-
crease 1n the loss factor of the resilient member, which

reduces the damping effect for low-frequency vibra-
tions or oscillations.

In the light of the above inconvenience, a fluid-filled
resilient support structure is proposed in Publications

Nos. 48-36151 and 52-16554 of Japanese Patent Appli-
cations, which were published for opposition purpose in
1973 and 1977. The proposed support structure utilizes
an imncompressible fluid to provide an improved vibra-
tion damping effect based on a resistance of flow of the
fluid through an orifice formed in the structure. This
type of fluid-filled resilient support structure utilizing
-elastic deformation of a resilient member and a flow
resistance of an incompressible fluid is excellent in terms
of its vibration damping capability as well as its vibra-
tion 1solating capability. However, the fluid-filled resil-
lent support structure disclosed in the above-identified
documents is constructed primarily for isolating and
damping vibrations that are applied to the structure in
the radial direction of the resilient member. Hence, it is
difficult to use the proposed support structure as a strut
mount or a member mount, wherein major vibrations to
be damped and isolated are applied in the axial direction
of the resilient member.

In the meantime, such a fluid-filled resilient support
structure adapted to damp and isolate the axial vibra-
tions is disclosed in Laid-Open Publication No.
39-37348 of Japanese Patent Application.

However, the support structure disclosed in the
above document suffers from a drawback that two iden-
tical units must be used as a set of support structures
when the support structure is installed in place. Further,
each unit is considerably complicated in construction,
having a plurality of pockets or voids which are formed
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p)
in each of the inner and outer surfaces of a resilient
rubber member, such that the voids are spaced from
each other in the circumferential direction of the rubber
member. Accordingly, this known support structure is
not completely satisfactory in ease of manufacture,
assembling and installation, and is therefore undesirable

in terms of its costs of production and installation.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an improved fluid-filled resilient support struc-
ture which has substantially eliminated the inconve-
niences encountered in the known counterparts as dis-
cussed above.

According to the present invention, there is provided
a fluid-filled resilient support structure comprising: (a)
an inner sleeve; (b) a first resilient member having an
annular shape, disposed radially outwardly of the inner
sleeve in coaxial relation with each other, with a prede-
termined radial distance therebetween; (c) a pair of
generally annular closure members disposed at opposite
axial ends of the inner sleeve and the first resilient mem-
ber, the closure members fluid-tightly closing opposite
ends of an annular space formed between the inner
sleeve and the first resilient member; (d) a cylindrical
member fitted on an outer surface of an axially interme-
diate portion of the inner sleeve; (¢) a generally annular
thick-walled orifice member disposed radially out-
wardly of the cylindrical member in coaxial relation
with each other, with a predetermined radial distance
therebetween, the orifice member including a radially
outer portion sandwiched between upper and lower
portions of the first resilient member in an axial direc-
tion thereof, the orifice member having a circumferen-
tial groove formed continuously in an outer circumfer-
ential surface thereof, the circumferential groove hav-

ing a length not less than one full outer circumference of
the orifice member, the orifice member further having

communication holes which communicate at their one
end with corresponding ends of the circumferential
orifice, and at their other end with the annular space
inside the first resilient member; (f) a second resilient
member having an annular shape, disposed between the
orifice member and the cylindrical member and secured
thereto, the second resilient member, the orifice mem-
ber and the cylindrical member cooperating with each
other to axially divide the annular space, and further
cooperating with the inner sleeve, the first resilient
member and the pair of closure members, to define a
pair of annular fluid chambers filled with an incompres-
sible fluid; and (g) an outer sleeve fitted on the outer
surface of the orifice member and fluid tightly closing
the circumferential groove, so as to define a continuous
circumferential orifice having a length corresponding
to that of the circumferential groove, the pair of fluid
chambers communicating with each other through the
circumferential orifice and the communication holes.
In the fluid-filled resilient support structure, the two
annular fluid chambers filled with an incompressible
fluid are formed between the inner sleeve and the first
resilient member. These fluid chambers are held in com-
munication with each other through the circumferential
orifice defined by the circumferential groove which is
formed in the outer surface of the orifice member and
closed by the outer sleeve. When the inner and outer
sleeves are axially moved relative to each other, the first
and second resilient members are elastically deformed,
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whereby the volume of one of the two fluid chambers is
increased while the volume of the other fluid chamber is
decreased. Accordingly, the incompressible fluid is
forced to flow through the circumferential orifice from
the fluid chamber whose volume is decreased, to the
fluid chamber whose volume 1s increased.

Therefore, vibrational loads applied to the inner and
outer sleeves of the present support structure in the
axial direction may be excellently damped by means of
a resistance of flow of the fluid through the circumfer-
ential orifice. This flow resistance of the fluid provided
by the orifice, and the elastic deformation of the first
and second resilient members, are suitably combined to
provide enhanced vibration damping and isolating ef-
fects.

In the present support structure, the second resilient
member is effective in minimizing a transfer of vibra-
tions between the inner and outer sleeves in the radial
direction.

The fluid-filled support structure constructed to pro-
vide high capabity in both vibration damping and isola-

tion is available as a single assembly, unlike a conven-.

tional structure which uses two identical component
units arranged as a set. Accordingly, the instant support
structure is improved in efficiency of production, as-
sembling and installation.

Further, the orifice member which has the continu-
ous circumferential groove for the circumferential ori-

_ fice serves to define the two annular fluid chambers, in
.. cooperatton with the cylindrical member, and the sec-

ond resilient member fitted on the cylindrical member.

~ Since ‘the circumferential groove has a length not less

.. than one full outer circumference of the orifice member,
~ the circumferential orifice defined by the outer sleeve
and the circumferential groove is sufficiently long, thus
providing a sufficiently large resistance to a flow of the
fluid from one of the chambers to the other via the

- communication holes, even if the cross sectional area of

the orifice is relatively large. Accordingly, the instant

~ support structure has an improved damping effect for

low-frequency vibrattons. It is noted that a vibration

- damping effect may be more or less expected with an

orifice formed in the axial direction of the orifice mem-
ber. In this case, however, the length of the orifice tends
 to be short, which is not desirable for damping vibra-
tions of a low frequency band. Therefore, the fluid-
filled resilient support structure having such an axial
orifice is not so desirable.

A further advantage of the instant support structure is
offered by the use of the cylindrical member. More
specifically, the second resilient member is formed be-
tween the outer surface of the inner cylindrical member
and the inner surface of the outer orifice member. After
the second resilient member is formed with the cylindri-
cal and orifice members secured thereto, the second
resilient member can be easily pre-compressed in the
radially outward direction by simply expanding the
inner cylindrical member before the inner sleeve is in-
- serted through the cylindrical member. The radial pre-
compression of the second resilient member leads to
improvement of its durability, and consequent prolon-
gation of the life expectancy of the resilient support
structure. Further, the first resilient member may be
axially inwardly pre-compressed between the closure
members, and the orifice member (and the outer sleeve
if appropriate).

According to one advantageous feature of the inven-
tion, the support structure further comprises at least one
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4

annular caulking member each fixed to a corresponding
one of opposite axial ends of the first resilient member,
for fluid-tightly securing the corresponding end of the
first resilient member to a corresponding one of the pair
of closure members, by means of caulking of the at least
one annular caulking member against a radially outer
portion of the corresponding closure member.

According to another advantageous feature of the
invention, the support structure further comprises a pair
of rubber layers exposed in the pair of fluid chambers,
respectively. Each of the rubber layers 1s secured by
vulcanization to one of opposite surfaces of the orifice
member and the closure members which face each
other in the axial direction of the orifice member. The
rubber layers are abuttable on the other of the opposite
surfaces, thereby elastically preventing an excessive
axial relative displacement between the orifice member
and the closure members.

According to a further advantageous feature of the
invention, at least one of the pair of closure members is
fitted on the outer surface of the inner sleeve, with an
annular sealing member interposed between an inner
surface of the at least one closure member and the outer
surface of the inner sleeve to maintain fluid tightness
between the at least one closure member and the inner
sleeve.

According to a yet further advantageous feature of
the invention, at least one of the pair of closure mem-
bers 1s formed as an integral part of the inner sleeve
formed at corresponding one of the opposite axial ends
of the inner sleeve.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects of the present invention
will be better understood by reading the following de-
scription of a preferred embodiment of the invention,
when considered in connection with the accompanying
drawings, in which:

FIG. 1 is an elevational view in longitudinal cross
section of a fluid-filled resilient support structure of one
embodiment of the invention (taken along line I—I of
FIG. 2); |

FIG. 2 1s a cross sectional view taken along line
[1—II of FIG. 1;

FIG. 3 is an elevational view showing an inner sleeve
of the embodiment of FIG. 1, partly in cross section;

FIG. 4 is an elevational view showing a closure plate
of the embodiment of FIG. 1, partly in cross section;

FIG. 5 1s an elevational view showing a mounting
sleeve of the embodiment of FIG. 1, partly in cross
section;

FIG. 6 i1s an elevational view i1n longitudinal cross
section of a sub-assembly of the embodiment of FIG. 1
consisting of first and second rubber members and other
components secured to the rubber members by vulcani-
zation (a cross sectional view taken along line VI—VI
of FI1G. 7);

FI1G. 7 is a plan view of the sub-assembly of FIG. 6;

FIG. 8 1s an elevational view of an orifice member of
the embodiment of FIG. 1; and

FIG. 9 is a plan view of the orifice member of FIG.
8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

To further clarify the present invention, a preferred
embodiment of the invention will be described in detail,
by reference to the accompanying drawings.
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Referring first to FIGS. 1 and 2 which are longitudi-
nal and transverse cross sectional views of one embodi-
ment of the invention in the form of a strut mount for an
automotive vehicle, reference numeral 10 designates an
inner sleeve which consists of a thick-walled cylindrical
portion 12 through which a suitable inner shaft is in-
serted for attachment thereto, and an annular portion 14
which extends from one axial end portion of the cylin-
drical portion 12 in the radially outward direction.

As shown in FIG. 3, the cylindrical portion 12 has a
small-diameter portion 16 over a considerable length
thereof, and a relatively short large-diameter portion 18
at one of its axial ends on the side of the annular portion
14. The large-diameter portion 18 has a shoulder face 20
at 1ts axial end on the side of the small-diameter portion
16. The cylindrical portion 12 has a central bore which
has a large-diameter portion 22 which is formed at one
end portion of the small-diameter portion 16 remote
from the large-diameter portion 14. The annular portion
18 includes a radially inner thick-walled portion 24 and
a radially outer, relatively thin-walled flange portion 26.
The flange portion 26 extends from the the outer cir-
cumference of the thick-walled portion 24 in the radi-

ally outward direction. The flange portion 26 has an ,

annular cutout in a radially outer portion of one of
opposite surfaces which faces outwardly in the axial
direction of the inner sleeve 10. In a radially inner por-
tion of the other surface of the flange portion 26 which

~ faces axially inwardly of the inner sleeve 10, there is

formed an annular groove 30. In the present embodi-
ment, the cylindrical portion 12 of the inner sleeve 10
functions as an inner sleeve commonly used in a fluid-
filled resilient support structure, as will be understood
from the following description.

Referring back to FIGS. 1 and 2, reference numerals
324, 32b designate a first resilient member in the form of
a pair of rubber members 324, 326 which have a com-
paratively low spring rate or constant. These rubber
members 32a, 32b are disposed radially outwardly of

.~‘ - the cylindrical portion 12 of the inner sleeve 10, in

coaxial or concentric relation with each other, with a
suitable radial distance from the cylindrical portion 12.
'The lower rubber member 324 is fluid-tightly secured at
its axially outer end to the flange portion 26 of the annu-
lar portion 14 of the inner sleeve 10, while the upper
rubber member 325 is fluid-tightly secured at its axially
outer end to a closure plate 34 disposed at the end of the
inner sleeve 10 on the side of the small-diameter portion
16. The rubber members 32q, 32b cooperate with the
inner sleeve 10, closure plate 34 and other members
(orifice member 60 and inner rubber member 62 which
will be described), to define a pair of fluid-tight annular
fluid chambers 64¢, 64b which will be described in
detail.

As indicated in FIG. 4, the closure plate 34 has a
- generally annular shape, and consists of a radially inner
thick-walled portion 36 and a radially outer thin-walled
flange portion 38, like the annular portion 14 of the
inner sleeve 10. The closure plate 34 is press-fitted on
the outer surface of the small-diameter portion 16 of the
cylindrical portion 12 of the inner sleeve 10, and is
retained by a retainer sleeve 42 press-fitted in the large-
diameter portion 22 of the central bore of the cylindri-
cal portion 12. Between the closure plate 34 and the
shoulder surface 20 of the inner sleeve 10, a metallic
sleeve 40 is fitted on the outer surface of the small-diam-
eter portion 16 of the inner sleeve 10.
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As shown in FIG. §, the retainer sleeve 42 has a
flange 46 which radially outwardly extends from the
axially outer end of a cylindrical portion 44 engaging
the large-diameter portion 22 of the bore of the cylindri-
cal portion 12 of the inner sleeve 10. This flange 46 acts
to press the closure plate 34 in the axially inward direc-
tion, and consequently press the metallic sleeve 40
against the shoulder face 20 of the cylindrical portion
12, whereby the closure plate 34 is held in place. The
closure plate 34 has an annular groove 48 in an axially
middle of its inner surface. The annular groove 48 ac-
commodates an O-ring 50 as shown in FIG. 1, to pro-
vide fluid tightness between the small-diameter portion
16 of the cylindrical portion 12 of the inner sleeve 10,
and the closure plate 34.

Thus, the closure plate 34 is fluid-tightly secured to
the small-diameter portion 16 of the cylindrical portion
12 of the inner sleeve 10, by the retainer sleeve 42 which
1s press-fitted in the cylindrical portion 12. Further, the
O-ring 50 accommodated in the annular groove 48 in
the closure plate 34 serves as an annular sealing mem-
ber.

The flange portion 38 of the closure plate 34 has an
annular cutout 28’ similar to the annular cutout 28 of the

5 flange portion 26 of the annular portion 14 of the inner

sleeve 10, and further has an annular groove 30’ similar
to the annular groove 30 of the annular portion 14. The
closure plate 34 has an annular cutout 41 in which the
flange 46 of the retainer sleeve 42 is fitted such that the
end face of the flange 46 is flush with the outer end face
of the closure plate 34.

Each of the lower and upper rubber members 32q,
32b is provided at its axially outer end with an annular
caulking member 54 fixed thereto by means of vulcani-
zation during molding of the rubber members. Each
caulking member 54 has a fixed portion 51 embedded in
the corresponding lower or upper rubber member 32,
32b, and a caulking portion 52 which is perpendicular to
the fixed portion 51 before the strut mount is com-
pletely assembled, as shown in FIGS. 6 and 7. During
the assembling procedure, the caulking portion 52 of

each caulking member 54 is bent against the bottom

surface of the annular cutout 28, 28’ formed in the end
face of the annular portion 26 of the inner sleeve 10 or
the end face of the closure plate 34, such that the bent
caulking portion 52 is flush with the corresponding end
face of the annular portion 26 or closure plate 34, as
indicated in FIG. 1. Thus, the lower and upper rubber
members 32a, 32b which constitute a first resilient mem-
ber are fixed by the caulking members 54, 54 to the
annular portion 26 and the closure plate 34, respec-
tively.

Each of the rubber members 324, 326 has a sealing
portion 56 which covers a radially inner portion of the
axially outer surface of the fixed portion 51 of the caulk-
ing member 54. As indicated in FIG. 1, the sealing
portions 56, 56 of the lower and upper rubber members
324, 32b are accommodated in the annular grooves 30,
30" formed in the corresponding flange portion 26, 38,
and are held in pressed contact with the bottom surfaces
of the annular grooves 30, 30'. In this manner, the fluid
tightness is maintained between the caulking members
54, 54 and the flange portions 26, 38.

As described above, the annular space (annular fluid
chambers 64 and 64b) formed between the cylindrical
portion 12 of the inner sleeve 10 and the first resilient
member (lower and upper rubber members 324, 32b) is
tfluid-tightly closed at its opposite ends by the annular
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portion 14 of the inner sleeve 10 and the closure plate

34, respectively. In other words, the annular portion 14
and the closure plate 34 serve as closure members for
closing the axially outer ends of the annular spaces
formed between the cylindrical portion 12 and the rub-
ber members 64a, 64b, respectively.

Referring again to FIGS. 6 and 7, each of the sealing
portions 36, 56 has two annular sealing lips 58, 58 which
are spaced apart from each other in the radial direction
of the rubber members 32q, 32b6. With the caulking
members 54, 54 forcing the sealing portions 56, 56
against the corresponding flange portions 26, 38 in the
axially outward directions of the rubber members 32aq,
325, the sealing lips 58, 58 are held in pressed contact
with the bottom surfaces of the annular grooves 30, 30’
formed in the annular portion 14 and the closure plate
34. Thus, the sealing lips 58, 58 serve to enhance the
fluid tightness between the rubber members 32a, 325
and the corresponding closure members 14, 34.

As shown in FIGS. 1 and 2, the lower and upper
- rubber members 32¢, 32b which constitute the first
resilient member as previously indicated are separated
from each other by a thick-walled annular orifice mem-
ber 60 which is disposed in an axially intermediate por-
tion of the inner sleeve 10, in coaxial relation with the
inner sleeve 10, such that a radially outer portion of the
orifice member 60 is sandwiched by the lower and
upper rubber members 32a, 325.

Described in greater detail, the orifice member 60 is

... positioned with its inner circumferential surface spaced
.- a suitable distance radially outwardly from the outer

~ surface of the metallic sleeve 40 which is press-fitted on
~ the small-diameter portion 16 of the inner sleeve 10,
between the shoulder face 20 of the cylindrical portion
12 and the thick-walled portion 36 of the closure plate
34. Between the metallic sleeve 40 and the orifice mem-
ber 60, there is formed a second resilient member in the
- form of an annular inner rubber member 62 made of a
- material similar to that of the lower and upper outer
~ rubber members 32g, 32b (first resilient member). The

““ inner rubber member 62 cooperates with the orifice

-member 60 and the metallic sleeve 40 to axially divide
the annular space between the cylindrical portion 12
and the first resilient member 324, 325, into the lower
fluid chamber 64q inside the rubber member 32q, and
the upper fluid chamber 645 inside the upper rubber
member 320. The inner rubber member 62 1s bonded to
the metallic sleeve 40 and the orifice member 60 by
means of vulcanization during molding of the rubber
members 32a, 325, 62. The fluid chambers 644, 64 are
filled with a suitable incompressible fluid such as water,
polyalkylene grycols, silicone oils, low molecular
weight polymers, or a mixture thereof. The inner rubber
member 62 1s radially outwardly pre-compressed by a
suitable amount, by radially outward expansion of the
inner metallic sleeve 40 after the rubber member 62 is
molded. In the present embodiment, the metallic sleeve
40 functions as a cylindrical member on which the sec-
ond resilient member 62 1s formed.

An outer sleeve 68 1s press-fitted on the outer surface
of the orifice member 60. As indicated in FIG. 1, the
outer sleeve 68 has a2 mounting bracket 66 fixed to its
outer surface. The outer sleeve 68 is partially embedded
in the first resilient member 32q¢, 32b, namely, sand-
wiched between the lower and upper outer rubber
members 324, 32b. The orifice member 60 and the outer
sleeve 68 cooperate with each other to define a circum-
ferential orifice 70 through which the two annular fluid
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chambers 64q, 64b are held in communication with each
other, as described below in detail.

Referring now to FIGS. 8 and 9, the orifice member
60 has a continuous circumferential groove 72 formed
in its outer circumferential surface. The circumferential
groove 72 has almost two turns round the circumfer-
ence of the orifice member 60, such that the almost two
turns have a predetermined pitch in the axial direction
of the orifice member 60. More specifically, the circum-
ferential groove 72 has two straight portions 72a per-
pendicular to the axis of the orifice member 60, and one
helical or inclined portion 726 which connects the two
straight portions 72a to each other. The helical portion
72b is inclined by a predetermined angle relative to the
straight portions 72a, so that the two straight portions
72a are spaced from each other in the axial direction of
the orifice member 60, to provide the predetermined
pitch indicated above. With the outer sleeve 68 fitted on
the outer circumferential surface of the orifice member
60, the circumferential groove 72 is closed by the inner
surface of the outer sleeve 68, whereby the continuous
circumferential orifice 70 indicated above is formed.
The orifice member 60 has a pair of communication
holes 74, 74 which communicate at their one end with -
the corresponding ends of the circumferential groove
72, and which are open at their other end in the corre-
sponding axial end faces of the orifice member 60, as
indicated in FIGS. 8 and 9. Therefore, the two fluid
chambers 644, 64b are held in communication with each
other through the circumferential orifice 70 and the
comraunication holes 74, 74. In the present embodi-
ment, the cross sectional area of the communication
holes 74, 74 is equal to that of their circumferential
orifice 70.

As indicated in FIGS. 1, 6 and 9, annular raised por-
ttons 75, 75 are formed on radially inner parts of the
opposite axial end faces of the orifice member 60. The
above-indicated communication holes 74, 74 are open in
the surfaces of these annular raised portions 75, 75. The
surfaces of the annular raised portions 75, 75, except the
areas surrounding the open ends of the holes 74, 74, are
covered with respective rubber layers 76, 76 of a mate-
rial similar to those of the rubber members 32a, 325, 62.
The rubber layers 76, 76 are abuttable on the inner
surface of the thick-walled portion 24 of the annular
portion 14 of the inner sleeve 10, or the inner surface of
the thick-walled portion 36 of the closure plate 34,
when an excessively large axial relative displacement
takes place between the orifice member 60 and the inner
sleeve 10, i.e., between the inner and outer sleeves 10,
68. Thus, the axial displacement of the inner and outer
sleeves 10, 68 relative to each other is limited by the
elastic abutment of the rubber layers 76 on the thick-
walled portions 24, 36.

The outer sleeve 68 is attached to a suitable member
of the vehicle, via the mounting bracket 66 fixed
thereto.

The strut mount constructed according to the inven-
tion as described above ts assembled with the following
procedure:

Initially, the caulking members 54, 54 (in their origi-
nal states as shown in FIG. 6), the orifice member 60
with the outer sleeve 68 press-fitted thereon, and the
metallic sleeve 40, are suitably positioned within a
mold, and an unvulcanized rubber material is poured
into the mold, whereby the rubber members 32a, 325
and 62 and the rubber layers 76, 76 are formed. Then,
the metallic sleeve 40 is radially outwardly expanded by
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a suitable amount, in order to give the inner rubber
member 62 (second resilient member) a suitable amount
of pre-compression. In this manner, a sub-assembly
shown in FIGS. 6 and 7 is obtained. Before the rubber
members 32a, 3256, 62 and the rubber layers 76, 76 are

molded, the open ends of the communication holes 74,

74 in the orifice member 60 are closed with plugs 78, 78
as shown in FIGS. 6 and 7, so as to prevent flow of the
rubber material into the holes 74, 74 during the molding
process.

‘Then, the sub-assembly of FIGS. 6-7 is placed in a
bath of an incompressible fluid previously indicated,
and the inner sleeve 10 is inserted into the metallic
sleeve 40, such that the smail-diameter portion 16 of the
cylindrical portion 12 1s press-fitted in the metallic
sleeve 40. Subsequently, the closure plate 34 is press-fit-
ted on the small-diameter portion 16 of the inner sleeve
10, and the retainer sleeve 42 is forced into the large-
diameter portion 22 of the central bore formed in the
small-diameter portion 16. Thus, the sub-assembly and
the closure plate 34 are fixed to the inner sleeve 10 by
the retainer sleeve 42, with the rubber members 32a, 325
pre-compressed in the axially inward directions. Since
the above procedure is effected within the batch of the
incompressible fluid, the annular fluid chambers 64q,
64) are filled with the incompressible fluid.

Subsequently, the caulking portions 52 of the caulk-
ing members 54 secured to the lower and upper rubber
members 32a, 32b are bent radially inwardly of the
rubber members and pressed against the corresponding
flange portions 26, 38, as indicated in FIG. 1. In this
way, the rubber members 324, 320 are fixed at their
axially outer ends to the annular portion 14 of the inner
sleeve 10 and the closure plate 34, respectively.

The above procedure permits high assembling effi-
ciency of the strut mount, since the fluid chambers 64q,

6456 may be automatically filled with the incompressible
fluid while the strut mount is assembled.

As previously mentioned, the thus produced strut
mount is installed with the inner and outer sleeves 10, 68
fixed to the appropriate members of the vehicle. When
vibrational loads of low frequencies are applied to the

""" strut mount in the axial direction, the first or outer

rubber members 324, 32b are elastically deformed in the
corresponding directions, thereby causing one of the
two fluid chambers 64a, 646 to have a reduced volume,
and the other fluid chamber to have an increased voi-
ume. As a result, the incompressible fluid is forced to
flow through the circumferential orifice 70 from the
fllid chamber whose volume is reduced, to the fluid
chamber whose volume is increased. Since the orifice
70 has a resistance to a flow of the fluid therethrough,
the axial low-frequency vibrational loads are damped
by the flow resistance of the fluid provided by the ori-
fice 70. Since the orifice 70 has a sufficient length (al-
most two times as large as the outer circumference of
the orifice member 60), the strut mount provides a suffi-
cient damping effect for the low-frequency vibrations.

The illustrated strut mount is used as a single unit,
rather than as an assembly of two mounting units as
conventionally employed to form a strut mount struc-
ture. Accordingly, the fluid-filled resilient support
structure in the form of the illustrated strut mount is
easier to assemble and install on the vehicle, and there-
fore more economical to manufacture and install.

In the illustrated embodiment, the inner rubber mem-
ber 62 serving as the second resilient member may be
given a desired amount of radial pre-compression by
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simply expanding the metallic sleeve 40. This is an addi-
tional advantage of the present embodiment.
Further, the rubber layers 76 serve to effectively

- reduce abutting impacts between the orifice member 60

and the annular portion 14 of the inner sleeve 10 or the
closure plate 34, upon excessive axial relative displace-
ment between the inner and outer sleeves 10, 68. Similar
effect may also be obtained if rubber layers similar to
the rubber layers 76, 76 are formed on the inner surfaces
of the annular portion 14 and the closure plate 34 which
are opposite to the raised portions 75, 75 of the orifice
member 60.

The second resilient member 62 provided between
the metallic sleeve 40 and the orifice member 60 advan-
tageously provide a damping effect for radial vibrations
applied to the strut mount in its radial directions.

While the present invention has been described in its
preferred embodiment with a certain degree of particu-
larity, 1t 1s to be understood that the preferred embodi-
ment 1s given for illustrative purpose only, and that the
present invention is not limited to the details of the
llustrated embodiment.

In the illustrated embodiment, the closure plate 34
which functions as one of the two closure members is
fixed to the inner sleeve 40 by the retainer sleeve 42
which is press-fitted in the cylindrical portion 12 of the
inner sleeve 10. However, the closure plate 34 may be
fixed to the inner sleeve 10 by caulking the correspond-
ing end portion of the cylindrical portion 12.

While the fluid tightness between the closure plate 34
and the cylindrical portion 12 of the inner sleeve 10 is
maintained by the O-ring 50 accommodated in the annu-
lar groove 48 in the inner surface of the closure plate 34,
1t 1s possible to use other sealing means. For example,
the cylindrical portion 12 may be formed with a shoul-
der face at a suitable position on its outer surface, so that
the closure plate 34 is held in abutting contact with the
shoulder face, via a suitable sealing rubber layer inter-

posed therebetween which provides the fluid tightness
between the closure plate 34 and the cylindrical portion
12,

In the illustrated embodiment, the closure plate 34
closes the end of the annular space formed between the
upper rubber member 325 and the cylindrical portion
12, while the annular portion 14 of the inner sleeve 10
closes the end of the annular space formed between the
lower rubber member 32a and the cylindrical portion
12. However, it is possible to use to replace the annular
portion 14 by another closure plate.

Although the caulking members 54 fixed to the rub-
ber members 324, 326 are caulked against the annular
portion 14 and closure plate 34 to fluit-tighly secure the
rubber members thereto, the flange portions 26, 38 of
the annular portion 14 and the closure plate 3¢ may be
caulked against suitable annular members fixed to the
rubber members 324, 32b. Further, the sealing portions
56 of the rubber members 324, 32b may be replaced by
sealing rubber layers which may or may not be secured
to the annular portion 14 and the closure plate 34. Such
sealing rubber layers may or may not be secured to the

- caulking members 54.

65

While the damping effect provided by the circumfer-
ential orifice 70 increases with an increase in its length,
the orifice 70 provides a sufficient damping effect for
the axial vibrations, provided the length of the orifice 70
1s equal to or larger than the circumference of the ori-
fice member 60.
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Although the illustrated embodiment of the invention
1s adapted to be suitably used as a strut mount for auto-
mobiles, the invention may be embodied as other types
of flmd-filled resilient support structures such as differ-
ential mounts, engine mounts, tension rod bushings, and
other mounting units for mounting various members of
automotive vehicles.

It will be understood that various other changes,
modifications and improvements may be made in the
invention, without departing from the spirit and scope
of the invention defined in the following claims.

What is claimed is:

1. A fluid-filled resilient support structure connected
between two members of a vibration system, compris-
ing:

an inner sleeve fixed to one member of said two mem-
bers of the vibration system;

a first resilient member having an annular shape, dis-
posed radially outwardly of said inner sleeve in
coaxial relation with each other, with a predeter-
mined radial distance therebetween:;

a pair of generally annular closure members disposed
at opposite axial ends of said inner sleeve and said
first resilient member, said closure members fluid-
tightly closing opposite ends of an annular space

formed between said inner sleeve and said first

restlient member;

a cylindrical member fitted on an outer surface of an
axially intermediate portion of said inner sleeve;

a generally annular thick-walled orifice member dis-
posed radially outwardly of said cylindrical mem-
ber in coaxial relation with each other, with a pre-
determined radial distance therebetween, said ori-
fice member including a radially outer portion

.
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sandwiched between upper and lower portions of 35

said first resilient member in an axial direction
thereof, said orifice member having a circumferen-
tial groove formed continuously in an outer cir-
cumferential surface thereof, said circumferential

groove having a length not less than one full outer 40

circumference of said orifice member, said orifice
member further having communication holes
which communicate at their one end with corre-
sponding ends of said circumferential orifice, and

at their other end with said annular space inside 45

said first resilient member;

a second resilient member having an annular shape,
disposed between said orifice member and said
cylindrical member and secured thereto, said sec-
ond resilient member, said orifice member and said
cylindrical member cooperating with each other to
axially divide said annular space, and further coop-
erating with said inner sleeve, said first resilient
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member and said pair of closure members, to define
a pair of annular fluid chambers filled with an in-
compressible fluid; and

an outer sleeve fixed to the other one of said two

members of the vibration system and fitted on the
outer surface of said orifice member, said outer
sleeve fluid tightly closing said circumferential
groove, so as to define a continuous circumferential
orifice having a length corresponding to that of
said circumferential groove, said pair of fluid
chambers communicating with each other through
said - circumferential orifice and said communica-
tion holes.

2. A fluid-filled resilient support structure according
to claim 1, further comprising at least one annular
caulking member fixed to a corresponding one of oppo-
site axial ends of said first resilient member, for fluid-
tightly securing said corresponding end of said first
resilient member to a corresponding one of said pair of
closure members, by means of caulking of said at least
one annular caulking member against a radially outer
portion of said corresponding closure member. |

3. A fluid-filled resilient support structure accordin
to claim 1, further comprising a pair of rubber layers
exposed in said pair of fluid chambers, respectively,
each of said rubber layers being secured by vulcaniza-
tion to one of opposite surfaces of said orifice member
and said closure members which face each other in the
axial direction of said orifice member, said rubber layers
being abuttable on the other of said opposite surfaces,
thereby elastically preventing an excessive axial relative
displacement between said orifice member and said
closure members. -

4. A fluid-filled resilient support structure according
to claim 1, wherein at least one of said pair of closure
members is fitted on the outer surface of said inner
sleeve, with an annular sealing member interposed be-
tween an inner circumferential surface of said at least
one closure member and said outer surface of said inner
sleeve to maintain fluid tightness between said at least
one closure member and said inner sleeve.

5. A fluid-tight resilient structure according to claim
1, wherein one of said pair of closure members is formed
as an integral part of said inner sleeve formed at a corre-
sponding one of said opposite axial ends of said inner
sleeve.

6. A fluid-tight resilient structure according to claim
2, wherein one of said pair of closure members is formed
as an integral part of said inner sleeve formed at a corre-
sponding one of said opposite axial ends of said inner

sleeve.
* - - - *
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